Introduction. NKT-like cells are "non-classical", "CD1d-independent" NKT cells which represent highly differentiated, conventional T lymphocytes coexpressing several NK (natural killer) associated receptors. They are effector lymphocytes of both innate and adaptive immunity and simultaneously regulatory cells of the adaptive immune system. They reveal large granular lymphocyte morphology and can mediate both MHC-restricted and MHC-unrestricted cytotoxicity, secrete many cytokines and modulate Th1 immune responses. The aim of our study was to analyze the expression of proteins involved in cellular stress response: sirtuin 1 (SIRT1), heat shock protein 70 (HSP70) and manganese superoxide dismutase (SOD2) in NKT-like cells compared to T lymphocytes during ageing. Material and methods. The study involved three groups of participants: the oldest seniors (n = 25; aged over 85; mean age 88 ± 0.5 ys), the old (n = 30; aged under 85; mean age 76 ± 0.9 ys) and the young (n = 32; mean age 21 ± 0.3 ys). Whole blood samples were analyzed by flow cytometry to assess NKT-like (CD3+CD56+) and T (CD3+) cell populations. Results. The group of the oldest seniors differed from the other age groups by much higher percentage of both NKT-like cells and T lymphocytes expressing SIRT1, HSP70 and SOD2. The expression of these proteins correlated positively with the age of the participants. Interestingly, the significantly higher expression of the studied protective proteins; i.e. HSP70 and SOD2 was found in CD3+CD56+ cells compared to CD3+ lymphocytes and this phenomenon concerned all the studied age groups. These differences were not significant regarding the expression of SIRT1; however, the same tendency was noticeable. Conclusions. The analysis of CD3+ and CD3+CD56+ lymphocytes showed the increase in the number of NKT-like cells and decreased number of T cells in the process of ageing. The increased expression of cellular protective proteins SIRT1, HSP70 and SOD2 in NKT-like and T-lymphocytes of the oldest seniors seems to correspond to longevity and the observed correlations may suggest the involvement of these proteins in establishing cellular homeostasis specific for healthy ageing. Furthermore, the higher expression of the protective proteins in NKT-like cells compared to T lymphocytes may indicate their particular role in the interplay between innate and adaptive immunity responses during the process of ageing.
Introduction
NKT-like cells are "non-classical", "CD1d-independent" natural killer T cells which represent highly differentiated, conventional T cells coexpressing several NK-associated receptors (NKRs) such as CD56, CD161, CD16, CD94, CD57 [1] [2] [3] . They refer to the original definition of Natural Killer T (NKT) cells. Then the term "NKT cell" has been applied to name subsets of T lymphocytes expressing a semi-invariant TCR (Va24Ja18) which are "classical", or "invariant" NKT cells (iNKT cells) responding to CD1d-restricted lipid ligands [4, 5] . Both subsets are differentially affected by ageing since the frequency of peripheral blood iNKT cells decreases in the elderly on the contrary to NKT-like cells which number increases with age [5] [6] [7] . Thus, the proper differentiation between these "invariant NKT" (iNKT) and "NKT-like" cells which are subsets of T cells is crucial particularly in biogerontology studies [4, 8] .
NKT-like cells constitute approximately 5-15% of the peripheral T-cell population and up to 50% of T lymphocytes in the human liver, although the liver population is on average around 30% [9] . They can mediate MHC-restricted and MHC-unrestricted cytotoxicity and secrete many cytokines, including IFN-g, which induces antiviral reaction and modulates Th1 immune responses [8, 10] . These cells show also characteristic features of NK cells, i.e. large granular lymphocyte morphology, the capacity to lyse NK cell sensitive target cell line (K562) and expression of KIR receptors and CD94 molecules after activation [10, 11] . NKT-like cells are then both effectors of innate and adaptive immunity and potential regulators of adaptive immune response [12] .
Ageing is associated with the up-regulation of the inflammatory responses caused by chronic antigenic stress and dysregulation of cytokine secretion, increased serum levels of pro-inflammatory cytokines, e.g. IL-1, IL-6 and TNF, increased level of C reactive protein and soluble cytokine receptors [13] [14] [15] [16] [17] . The ageing process is also accompanied by chronic oxidative stress which can cause serious damage of cells, counteracted by the endogenous defense system consisted of enzymatic antioxidants, i.e. thiol peroxidases, superoxide dismutases, catalase and non-enzymatic antioxidants, e.g. glutathione (GSH) [18] [19] [20] [21] . Continuous low-dose oxidative stress during ageing results in adaptive responses based on the activation of NF-kB and subsequently superoxide dismutases (SODs) with a key role played by the mitochondrial manganese superoxide dismutase (SOD2) [22, 23] . In this process also heat-shock proteins (e.g. HSP70) are induced to counteract both oxidative damage and inflammatory stress by refolding or targeting for degradation misfolded proteins. They increase the expression and activity of intracellular scavengers of reactive oxygen intermediates, i.e. catalase, superoxide dismutases and block the activation of the transcription factor NFkB, a key player in the initiation of the inflammatory response [24] .
Sirtuins are evolutionary conserved proteins with deacetylase activity dependent on nicotinamide adenine nucleotide (NAD+), considered as histone deacetylases involved in the control of ageing and longevity, DNA repair, transcriptional silencing, apoptosis and cellular metabolism [25] . In mammalian cells SIRT1 directly regulates the activity of stress response transcription factors, e.g. the p53 tumor suppressor factor [26, 27] , forkhead box O transcription factors (FOXO) [28, 29] and NK-kB [30, 31] . SIRT1 activates several members of the FOXO family of transcription factors promoting the expression of some stress response genes including SOD2 which contributes to the reduction of the level of reactive oxygen species in the cell [28, 29, 32, 33] .
Despite the established role of HSP70, SIRT1 and SOD2 in immunosenescence, little is known about their contribution to ageing of NKT-like cells, a population of T lymphocytes, which number increases in the elderly, similarly to NK cells [5] . Likewise, there are only single studies concerning changes in the levels of these proteins in T cells in the process of ageing regarding HSP70 expression in the whole population of lymphocytes [34] and some PBL (peripheral blood lymphocyte) subsets [35] or some studies on SIRT1 expression performed on mice [36] . Therefore, the aim of our study was to analyze the expression of these cellular protective proteins in NKT-like lymphocytes (CD3+CD56+ cells) in comparison to T lymphocytes (CD3+ cells) of the oldest (seniors over 85 years old), the old (seniors aged under 85) and the young subjects.
Material and methods
Participants. Eighty-seven volunteers aged between 19 and 94 years (63 women and 24 men) participated in this study. The exclusion criteria included: CRP > 5 mg/L, cancer, autoimmune disease, diabetes, infection, use of immunosuppressors, glucocorticoids or non-steroid anti-inflammatory drugs (NSAIDs); moderate to severe dementia assessed using the "Mini Mental State Examination" (MMSE below 23 points) [37] . Senior volunteers were also considered with geriatric conditions. Katz's scale was used to assess "Activities of Daily Living" (ADL) and only seniors with 5-6 points were enrolled to the study [38] . Senior volunteers were recruited among inhabitants of local senior houses and young volunteers were students of Medical University of Gdansk, Poland. The participants were subdivided into 3 groups including: 32 young subjects referred to as 'young' (mean age 21.0 ± 0.3 years, range 19-24 years, 23 women and 9 men); 30 seniors aged under 85 referred to as 'old' (mean age 75.6 ± 0.9 years, range 65-84 years, 20 women and 10 men) and 25 seniors at the age over 85 referred to as the 'oldest' (mean age 88.4 ± 0.5 years, range 85-94 years; 20 women and 5 men). All volunteers signed informed consent and study received approval from Ethical Committee of the Medical University of Gdansk, Poland (225/2010). An immunological characteristics of the study population was described earlier [20] .
Staining of surface and intracellular antigens for flow cytometry. Whole blood samples (0.1 ml) were aliquoted into flow cytometry tubes and appropriate volumes of CD3-FITC-conjugated (clone UCHT1) (BD Biosciences, San Jose, CA, USA) or CD3-PE-Cy7-conjugated (clone SK7) (BD Biosciences, San Jose, CA, USA), CD56-APC-conjugated (clone NCAM16.2) (BD Biosciences, San Jose, CA, USA) and Hsp70-PE-conjugated (clone N27F34) (Abcam, Cambridge, England) monoclonal antibodies were added for cell surface antigen staining. After 30 min of incubation in the dark at room temperature 2 ml of BD FACS Lysing Solution was added and samples were incubated for subsequent 10 min in the same conditions. Then cells were washed twice with 1 ml of BD Staining Buffer (PBS without Ca 2+ and Mg
2+
, 1% FBS, 0.09% sodium azide) and resuspended in 0.25 ml of Fixation/Permeabilization Solution for 20 min at 4°C according to manufacturer's protocol (BD Cytofix/ /Cytoperm Fixation/Permeabilization Kit). Cells were washed twice with 1 ml of BD Perm/Wash buffer and appropriate volumes of MnSOD-FITC-conjugated (clone MnS-1) (eBioscience, San Diego, CA, USA), Hsp70-PE-conjugated (clone N27F34) (Abcam, Cambridge, England) and SIRT1-Alexa Fluor 488 -conjugated (clone 19A7AB4) (Abcam, Cambridge, England) monoclonal antibodies were added for staining of intracellular antigens. After 30 min of incubation in the dark at room temperature cells were washed twice with 1 ml of BD Perm/Wash buffer and resuspeded in Staining Buffer prior to flow cytometric analysis. Samples were run on a BD FACSCalibur flow cytometer equipped with argon-ion laser (488 nm) and data were analyzed with BD CellQuest Pro software (BD Biosciences, San Jose, CA, USA) after collecting 10,000 gated events (lymphocytes). Peripheral blood lymphocytes were gated using forward (FSC) and side scatter (SSC) parameters. T lymphocytes were identified as CD3+ cells and NKT-like cells as CD3+CD56+ cells. Relevant isotype controls for both surface and intracellular staining were also prepared. Results were then presented in two ways, i.e. as percentages of CD3+ and CD3+CD56+ cells with the expression of the studied protein (% of positive cells) and mean fluorescence intensity (MFI).
Statistics. All data are expressed as means ± SEM. Normality of data distribution was analyzed by Shapiro-Wilk test. ANOVA test for normal distribution and Kruskal-Wallis test for non-parametric distribution were used to compare experimental data. The multiple comparisons were performed with Tukey's post-hoc test for normal distribution and Dunn's post-hoc test for non-parametric distribution. Student's t test for normal distribution and Mann-Whitney U test for non-parametric distribution were used to compare two independent samples. The Spearman correlation coefficient (R) was applied to present the strength of the relationship between variables (Statistica, version 12; Statsoft, Tulsa, OK, USA). Differences or correlations with p < 0.05 were considered as statistically significant.
Results

Immunological characteristics of the study population
As have been mentioned in Material and methods section, the studied population was divided into 3 age groups: young, old and the oldest (mean age 21, 76 and 88 years, respectively). Blood morphology of all participants was analyzed prior to the study. The numbers of CD3+ and CD3+CD56+ lymphocytes presented in k/μl units and percentages of CD3+ and CD3+CD56+ cells within the population of lymphocytes are shown in Table 1 . The young had more T lymphocytes in one microliter of peripheral blood and demonstrated higher percentage of CD3+ cells in the population of lymphocytes than the elderly, although these differences were statistically significant only between young and the oldest. All compared groups, however, did not differ significantly in the number of NKT-like lymphocytes, although the old revealed the highest percentage of these cells, showing statistical significance between the old and the oldest ( Table 1) .
Expression of SIRT1, HSP70 and SOD2 in CD3+ and CD3+CD56+ cells of the young, old and the oldest
The gating strategy performed for flow cytometric analysis is shown in Figures 1 and 2 . Flow cytometry data were analyzed and presented in two ways, i.e. as percentages of CD3+ and CD3+CD56+ cells with the expression of the studied protein (% of positive cells) and relative expression, i.e. mean fluorescence intensity (MFI) measured in the analyzed samples.
The expression of SIRT1 was many times higher in CD3+ cells of the oldest seniors (6.88 ± 1.86%) compared to the old and the young (0.33 ± 0.22% or 0.02 ± 0.01%, respectively) (Fig. 3A) . The MFI analysis confirmed this significant increase in SIRT1 expression in T lymphocytes of the oldest seniors com- www.fhc.viamedica.pl pared to the old and the young (Fig. 3B) . Similarly, CD3+CD56+ cells of the oldest seniors revealed many times higher expression of SIRT1 (10.03 ± 3.09) in comparison to the old (0.68 ± 0.43) and the young (0.22 ± 0.08) confirmed also by the analysis of the relative expression (Fig. 3A, B) . Interestingly, higher expression of SIRT1 was observed in both populations of lymphocytes in the young compared with the old when MFI analysis was performed, not observed in the analysis of percentages. There were also no differences between SIRT1 expression in CD3+ and CD3+CD56+ cells studied within the same age groups (Fig. 3A, B) .
The expression of HSP70 in CD3+ cells of the oldest (71.73 ± 5.71%) was significantly higher than in CD3+ cells of the old and the young (29.69 ± ± 4.71% and 42.90 ± 4.2% respectively) (Fig. 3C) . The expression of this cellular protective protein was even higher in NKT-like cells of the oldest (81.97 ± ± 4.62%) compared to the old (42.99 ± 4.96%) and the young (54.43 ± 3.93) (Fig. 3C) . The performed MFI analysis confirmed these differences between the studied groups (Fig. 3D ). There were no statistically significant differences between HSP70 expression in the analyzed cells of the young and the old. Interestingly, NKT-like cells appeared to express higher level of HSP70 in comparison to T lymphocytes when these cells were compared within the same age groups shown in the analysis of the relative expression and partly in the analysis of the percentages of positive cells (Fig. 3C, D) .
The expression of SOD2 in T lymphocytes of the oldest seniors (49.50 ± 8.09%) differed significantly from T lymphocytes of the old (15.8 ± 4.12%) but not from the young (25.59 ± 2.86%) according to the analysis of the percentages of positive cells confirmed All data are presented as means ± SEM. Statistically significant differences between age groups are marked with the same upper index symbols: *young vs. oldest; # old vs. oldest; 'ns' denotes statistically not significant. The other blood parameters of the studied groups were reported in earlier studies [20] . www.fhc.viamedica.pl also by the MFI analysis (Fig. 3E, F) . Interestingly, in these analyses the expression of SOD2 in CD3+ cells of the young was significantly higher compared to CD3+ cells of the old (Fig. 3E, F) . Similarly to HSP70, the expression of SOD2 was higher in NKT--like cells of the oldest (68.30 ± 6.7%) in comparison to the old (36.01 ± 4.51%) and the young (43.45 ± 3.06) in the analysis of the percentages of positive cells, confirmed also partly by the analysis of the relative expression (Fig. 3E, F) . CD3+CD56+ cells appeared to express higher level of HSP70 in comparison to CD3+ cells when they were compared within the same age groups shown in the analysis of the relative expression and partly in the analysis of the percentages of positive cells (Fig. 3E, F) .
A B
Correlations between expression levels of the studied cellular protective proteins in CD3+ and CD3+CD56+ cells
It was found that percentages of CD3+ cells expressing SIRT1 and HSP70 correlated positively with the age of participants, similarly to CD3+CD56+ cells which revealed additionally a positive correlation between the expression of SOD2 and the age. These correlations presented moderate values, with the exception of SOD2 in CD3+CD56+ cells which revealed rather weak values (Table 2) .
Some correlations between the expression of SIRT1 and other protective proteins were also observed in CD3+ and CD3+CD56+ cells. The percentage of SIRT1-expressing cells in these populations correlat- Table 2) .
Discussion
NKT-like cells are "non-classical" NKT cells which represent highly differentiated T lymphocytes coexpressing several NK associated receptors (NKRs). Their number increases with age; however their contribution to the process of ageing is not entirely understood. Similarly, the expression of SIRT1, SOD2 and HSP70 in these cells concerning different age groups has yet not been investigated, to the best of our knowledge. The results of our study showing the positive correlation between the percentage of CD3+ and CD3+CD56+ lymphocytes with SIRT1 expression and the age of study participants suggest that increased expression of SIRT1 may be associated with human longevity. Our previous studies showed the similar relationships between the age and SIRT1 expression in NK cells as well as their subpopulations, i.e. CD56dim and CD56bright cells [20] . Sirtuin 1 was earlier described to affect lifespan and stress resistance in yeast [39, 40] , invertebrates (e.g. Caenorhabditis elegans, Drosophila melanogaster) [33, 41, 42] and mice [28] . We found that the expression of SIRT1 was the highest in the oldest seniors both in CD3+ and CD3+CD56+ cells and seemed to be higher in NKT-like cells, although the differences were not sta- [20] . The increase in the expression of SIRT1 mRNA in ageing CD4+ T lymphocytes was found also in mice [36] .
Similarly to SIRT1, the highest expression of HSP70 was observed in both T and NKT-like lymphocytes of the oldest. However, in contrast to SIRT1, NKT-like cells expressed significantly more HSP70 compared to T cells in all age groups according to the analysis of the relative expression, confirmed mostly by the analysis of the percentages of positive cells. The expression of HSP70 correlated also positively with age. It is of interest that HSP70 expression in NKT-like cells was comparable with the expression of this protective protein in NK cells, including CD56dim and CD56bright subsets, or was even slightly higher in CD3+CD56+ cells of all age groups. These findings were confirmed by both types of analysis, i.e. percentages of positive cells and MFI [20] . Our findings corresponded also to the results of the study performed on non-stimulated monocytes and lymphocytes. Njemini et al. reported higher levels of HSP70, HSP32 and HSP90, but not HSP27, assessed by flow cytometry in the studied cells of the elderly compared to young subjects. Thus, the increased expression of HSP70, and some other HSP proteins, seemed to be a general feature of NK cells and other leukocytes in ageing [34] . Interestingly, the subsequent studies performed by this group on CD4+/CD8+ subsets of T lymphocytes and gd, NK and B cells, revealed that the basal HSP70 levels in the various subpopulations of lymphocytes were comparable between the young and elderly subjects. However, higher expression of HSP70 was observed in CD45RO+ compared to CD45RA+ cells in both CD4+ and CD8+ subpopulations of T lymphocytes. According to Njemini et al., the ageing-related changes in basal HSP70 expression levels in PBL (peripheral blood lymphocyte) subpopulations were linked to the increased frequency of these lymphocyte subsets (i.e. memory vs. naive phenotypes) than the elevated expression of these protective proteins in the cells [35] .
Analogously to HSP70, the highest expression of SOD2 was observed in CD3+ and CD3+CD56+ cells of the oldest. NKT-like cells expressed significantly more SOD2 compared to T cells in all age groups according to the analysis of the relative expression, confirmed in the group of the young and the old also by the analysis of the percentages of positive cells. However, the expression of SOD2 correlated positively with age only in NTK-like cells. It is interesting that similarly to HSP70, the expression of SOD2 in CD3+CD56+ cells of all age groups was comparable with the expression of this protein in NK cells and their subsets observed in our earlier studies [20] . However, contrary to HSP70, it was slightly lower in NKT-like cells compared to NK cells [20] .
The high positive correlation between the expression of SIRT1 and HSP70 indicates that these proteins may interact in the maintenance of homeostasis in the process of immunosenescence. SIRT1 controls HSF1 (heat shock factor 1) activity, a transcription factor involved in the regulation of the expression of chaperons HSP70 and HSP90 activated in response to heat shock, hypoxia, misfolded proteins, free radicals and ATP depletion [43] [44] [45] . SIRT1 was found also to activate several transcription factors of the FOXO family that promote the expression of stress response genes including SOD2 [33] . This relationship was observed also in the presented study as a moderate positive correlation between the expression of SIRT1 and SOD2. Manganese superoxide dismutase similarly to sirtuin 1 seems to play a role in longevity, at least in some species, i.e. Drosophila [46] and mice [47] . We also found a positive correlation between the age and SOD2 expression, observed, however, only in CD3+CD56+ cells.
The analysis of the number and percentage of CD3+ and CD3+CD56+ lymphocytes performed in our study corresponded to the investigations of www.fhc.viamedica.pl the other groups and showed the increase in the number of NKT-like cells in the process of ageing [4, 6, 48] and decrease in the number and percentage of T lymphocytes [48] [49] [50] .
The results of our studies provided some new findings concerning the expression of cellular protective proteins SIRT1, HSP70 and SOD2 in CD3+ and CD3+CD56+ cells regarding their contribution to longevity. They complete our earlier studies concerning participation of NK cells and their subsets in the process of immunosenescence [20, 21, 51] . These studies may provide also a good base for some subsequent, more detailed investigations concerning the expression of cellular protective proteins in T lymphocytes and their subsets, including NKT-like cells.
Conclusions
Our study shows the increased expression of cellular protective proteins involved in stress response, i.e. SIRT1, HSP70 and SOD2, in both T lymphocytes and NKT-like cells of the oldest seniors. Their expression correlates with the age of participants and this phenomenon seems to correspond to longevity. Interestingly, significantly higher expression of cellular protective proteins HSP70 and SOD2 (and the similar tendency in SIRT1 expression) was found in NKT-like cells (CD3+CD56+) in comparison to T (CD3+) lymphocytes in the all studied age groups. This phenomenon may underline the role of NKT-like cells in providing a link between innate and adaptive immunity in ageing process.
